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TOM TAT

Hé thong vién thong ngay nay ngay cang phét trién theo xu hudng téc do
cao, da dich vu da phuong tién trong h¢ théng vién thong chung trén toan cau. Tuy
nhién, trén thé gidi ton tai nhiéu chudn giao dién v tuyén khic nhau véi nhing dic
diém khac nhau, diéu nay gy kho khin cho viéc quan ly va giam sat cac thiét bi.
Vén dé dit ra 1a c6 mot thiét bi thong minh co cAu trac xac dinh béng phﬁn mém. Su
ra doi cuia cong nghé SDR di dap tng yéu cau nay.

LabVIEW 1a mot ngon ngit 1ap trinh d6 hoa duoc phat trién bai National
Instruments. khdi x4y dung co ban caa LabVIEW 1a cong cu ao (VI). Vé mat khai
niém, mot VI 1a tuong tu nhu mot thu tuc hodc ham trong ngon ngir 1ap trinh thong
thudong. M&i VI bao gom mot so d6 khdi va mot bang diéu khién phia trude. So d6
khdi mé ta céc chirc niang ciia VI, trong khi bang diéu khién phia trudc 1a mot giao
dién cip cao nhat dén VI. Cac cau tric cia VI cung cap hai dirc tinh quan trong cta
LabVIEW: M3 tai st dung va mod dun. Ban chét d6 hoa ctua LabVIEW cung cip
mot wu diém khac: né cho phép cac nha phat trién d& dang hinh dung ra cac dong dit
lidu trong céc thiét ké ciia ho. NI goi diéu nay 1a thiét ké hé thong do hoa. Ngoai ra,
vi LabVIEW 1a mot ngon ngir 1ap trinh dong dir liéu hoan thién, day du, nd co vé tai
liéu huéng dan, cong cy, cac vi du c6 thé duge thira huong va phat trién.

Trong nghién ctru nay, s& st dung phan cting ciia National Instruments SDR.
LabVIEW cung cip mdt giao dién don gian dé cau hinh va hoat dong khac nhau bén
ngoai 1/0, bao gom ca phan cting NI SDR duoc sir dung trong phong thi nghiém.
Day la ly do chinh tai sao nguodi thuc hién st dung LabVIEW 1a ngdn ngir 1ap trinh
dé xay dung mot SDR trong nghién ciru nay. Chung ta nhén ra rang cac thudt toan
xem xét & dy ciing c6 thé duoc lap trinh mot cach tdi wu trong C/C ++, assembly,
hoic VHDL va thyc hién trén mot DSP, vi diéu khién, hodc mot FPGA. Bang cach
két hop phan cig NI USRP v6i phan mém LabVIEW, c6 thé tao ra mot nén tang
SDR linh hoat va chirc ning 1dy mau nhanh cta tin hiéu khong ddy bao gom thiét ké
16p vat 1y, ghi va phat lai, tin hiéu thong minh, thuat toan xac nhan, va nhiéu hon
nira.



ABSTRACT

Telecommunications systems today growing trend for high-speed, multi-
media services in general telecommunications systems worldwide. However, in the
world exist many radio interface standards vary with different characteristics, which
make it difficult for the management and monitoring of equipment. The problem is
there is a smart device with the structure determined by the software. The
introduction of SDR technology has satisfied this requirement.

LabVIEW is a graphical programming language developed by National
Instruments. The basic building block of LabVIEW is the virtual instrument (VI).
Conceptually, a VI is analogous to aprocedure or function in conventional
programming languages. Each VI consists of a blockdiagram and a front panel. The
block diagram describes the functionality of the VI, while the front panel is a top
level interface to the VI. The construct of the VI provides two important virtues of
LabVIEW: code reuse and modularity. The graphical nature of LabVIEW provides
another virtue: it allows developers to easily visualize the flow of data in their
designs. NI calls this Graphical System Design. Also, since LabVIEW is a mature
data flow programming language, it has a wealth of existing documentation,
toolkits, and examples which can be leveraged in development.

In this course you will use National Instruments SDR hardware. LabVIEW
provides a simple interface for configuring and operating various external 1/O,
including the NI SDR hardware used in lab. This is the main reason why you will
use LabVIEW as the programming language to build an SDR in this course. You
should realize that the algorithms considered here could also be programmed in
optimized C/C++, assembly, or VHDL and implemented on a DSP, microcontroller,
or an FPGA. By combining the NI USRP hardware with LabVIEW software you
can create a flexible and functional SDR platform for rapid prototyping of wireless
signals including physical layer design, record and playback, signal intelligence,
algorithm validation, and more.



DANH MUC CAC CHU VIET TAT

A

ASK: Amplitude Shift Keying

AWGN: Additive white Gaussian noise
B

BPSK: Binary Phase Shift Keying

BW: Band Width

C

CVSD: Continuously variable slope delta modulation
D

DBPSK: Differential Binary Phase Shift Keying
DM: Delta Modulation

DS: Direct Sequecy

F

FDM/FDMA: Frequency-division multiplexing/ Frequency Division Multiplexing
Access

FH: Frequency Hopping

FSK: Frequency Shift Keying

I

IF: Intermediate Frequency
ISI: Intersymbol Interference

M

MSK: Minimum Shift Keying

N

NI USRP: National Instrument Universal Software Radio

P
PCM: Pulse Code Modulation

Q

QAM: Quadrature Amplitude Modulation
R
RF: Radio Frequency

S
SDR: Software Defined Radio

T



TDM/TDMA: Time Division multiplexing/ Time Division Multiplexing Access
TX/RX: Transmitter/Reciever
TH: Time Hopping
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CHUONG 1: TONG QUAN

1.1 Tong quan vé linh vie nghién ciru

Hé thong vién thong ngdy nay ngady cang phat trién theo xu hudng toc do
cao, da dich vu da phuong tién trong h¢ théng vién thong chung trén toan cau. Tuy
nhién, trén thé gidi ton tai nhidu chuan giao dién v6 tuyén khic nhau véi nhiing dic
diém khac nhau, diéu nay gy kho khin cho viéc quan 1y va giam sat cac thiét bi.
Vén dé dat ra 1a c6 mot thiét bi thong minh co cAu trac xac dinh b:ing phén mém. Sy
ra doi ctia cong nghé SDR di dap tng yéu cau nay.

Software Defined Radio (SDR) duoc dinh nghia la: vo tuyén trong d6 mot
sO hodc tat ca cac chirc ndng 16p vat 1y 1a nhitng phan mém duge xac dinh. SDR dé
cap dén cong nghé trong d6 cac module phan mém chay trén mot phan ctimg chung
nén tang duogc su dung dé thuc hién cac chirc nang vo myén . Béng cach két hop
phan cimg NI USRP véi phan mém LabVIEW, c6 thé tao ra mot nén tang SDR linh
hoat va chirc ning 14y miu nhanh cta tin hiéu khong diy bao gém thiét ké 16p vat
1y, ghi va phat lai, tin hiéu thong minh, thuét toan xac nhan, va nhiéu hon nia.

1.2 Muc dich nghién ciru

NI-USRP 2920 14 thiét bi con mdi trong nudc, tai liéu nghién ctru con it va
LabView ciing 13 phin mém kha méi c6 nhiéu ung dung trong nganh k¥ thuét.

Do vy, muc dich cta d& tai ndy nham nghién ctru kit NI-USRP 2920, phan
mém LabView dong thoi trién khai cac k¥ thuat diéu ché s trén kit NI-USRP 2920
dua trén sy hd tro ctia Module Toolkit trong LabView.

1.3 Muc tiéu va pham vi nghién ciru
1.3.1 Muc tiéu
e Tim hiéu co so 1y thuyét hé thong thong tin sd.
e Tim hiéu cac ky thuét diéu ché.
e M5 phong thu phat tin hi¢u diéu ché s6 trén phan mém LabView 2014,
e Thyc hién thu phat tin hi¢u diéu ché so trén Kit NI-USRP 2920 .

1.3.2 Pham vi nghién ciru

e Ly thuyét vé cac k¥ thuét diéu ché s6 (BPSK, DBPSK, 4QAM).



e Truyén, nhéan tin hiu sb trong moi truong khong day.
o Ly thuyét dong bo ky tu.

e MO06 phdng va thuc hién thu, phat tin hiéu BPSK, DBPSK, 4 QAM dua
trén su ho tro caa Module Toolkit trong LabView 2014.

e Phan tich két qua thu dugc.
1.4 Phwong phap nghién ctiru
Dé tién hanh thuc hién dé tai nay, ngudi thuc hién dé tai da sur dung céc
phuong phap nghién ctru sau:
e Tham khao tai li¢u qua sach giao trinh, dd 4n cac khoa trudc, mang
internet, chi yéu 1a cac tai liéu tir nha san xuat National Instruments.

e Phuong phép quan sat, hoc tip theo nhém va tu hoc dudi sy hudng dan
ctia gido vién huéng dan.



CHUONG 2: TRIEN KHAI HE THONG

Trinh bay yéu ciu, so dd khéi, hoat dong cua hé thong va luu dd giai thuat va
kém theo d6 13 so @6 khdi chuong trinh thuc té

2.1 Yéu ciu cia hé théng

- Chirc ning diéu ché va giai diéu ché so.

- Truyén va nhan tin hiéu s BPSK, DBPSK, QAM.
- Tinh ti 1& 15i bit.

- V& gian @6 mat, dang song tin hiéu vao/ra.

- Su dung ddng bo ky tu trong hé thong truyén nhén.
2.2 So d6 khoi hé thong

Complex .
N\Q signal : RF signal
X data — TX Base Band g .| TX RF equipment
processor (USRP)
L 4
Channel
Complex
G RX Base Band | N\Q signal RX RF equipment |
processor (USRP)
RF signal

Hinh 2.1 - So' @6 khéi hé thong thong tin truyén nhan

e Dit liéu TX c6 thé 1a tin hiéu twong tu (4m thanh) hodc tin hiéu sb (bits) mudn
truyén.

e B xur ly dai nén TX (BB): nhan dugc tin hiéu dir li¢éu TX va tao ra tin hi¢u phirc
BB. N6 phai phu hop véi kénh truyén va cac yéu ciu cua thiét bi RF (bing
thong, toc do truyén). Pon vi nay co thé duoc thuc hién trong phén mém
(MATLAB, NI-LabVIEW, C) hoidc trong phan ctng (DSP hoic ASIC). Trong



nghién ctru nay, nhém s€ st dung LABView la cong cu tién 1¢i cho viéc thuc
hién céc thudt toan x1r 1y tin hiéu.

Thiét bi TX RF: thu dugc tin hiéu sé duoc biéu dién bang sé phtic, chuyén doi
n6 thanh tin hiéu tuong tu bang bd chuyén d6i sé sang twrong ty (DAC). Tin hiéu
tuong ty dugc chuyén doi 1én tan s6 cia RF va truyén thong qua ang ten dén
kénh truyén.

Kénh truyén c6 thé 1a cap hoic méi trudng khong day. Kénh truyén co thé co
cac nhuge diém nhu suy hao, méo, bong mo...vv

Thiét bi RX RF: thuc hién hoat dong nguoc lai voi bd phat RF TX. Pon vi nay
chuyén ddi xuéng cac tin hi€u nhan dugc thanh tin hiéu BB va st dung b
chuyén ddi twong tu sang sd (ADC) chuyén d6i né thanh dang sd cua tin hiéu
nhan duoc.

Tin hiéu dai nén BB RX: duoc xir Iy dé phat hién cac dir liéu duoc truyén di.

Nhu vy ta c6 so d6 khdi chi tiét qua trinh trinh truyén nhan thong tin nhu

sau:
s CHUYEN I
NGUON TIN |—» 3\%&?\‘? » PIEU CHE DA H DOIRF
- - HUGNG LEN
_LABWIEW KENH TRUYEN
(Tit ‘i_'ﬁ‘ic 1};* Iy tin NL-USRP 2920
ieu so
) CHUYEN
_ _ | craraa | GIAIBIEU N _ | DPOIRF ||
TIN NHAN | ~cuox | cHE q &B HUGONG
XUONG

Hinh 2.2 - So' @ khéi chi tiét h¢ thong thong tin truyén nhin



2.2.1 Qua trinh xit ly tin hiéu s6 trén LABView

Transmitter

bits — -3:::::! ] gnlnl — D/C [y B, x(1)

AWGN Channel W

(1) @ (1) =x(1)+(1)

Receiver

: Inverse iy
z(t)—=| C/D —+| & [n] —"' Dietection Symbol Map —hils

T Mn]

T,
Hinh 2.3 - Qua trinh xir Iy tin hiéu s6 trén LabView
2.2.2 Qua trinh truyén
Tin hiéu BPSK c6 dang
Agrx(t)cos(2nf.t + 0) 2.1
Trong do:
A: 13 mot hang s6 cho mirc cong suét truyén.
grx (t):la dinh gang xung c6 dinh.
f,: tan s6 s6ng mang.
0:c6 gia tri 0° hoic 180°.
Nhu vay phuong trinh (2.1) ¢6 thé viét thanh:
+Agrx(t) cos(2mf.t) (2.2)
Dau “+” twong tng 0°, ddu “-“ twong ung 180°. gia sir ring mot xung guri di
voi T gidy, toc d§ symbol 1a 1/T symbol/s. P61 voi BPSK thi toc dd bit bang toc do
symbol. Vi xung g,x (t) khong mang thong tin. N6 duoc dinh dang dé dap tng céac
tiéu chuan khac la c6 phd co6 canh thang va c¢6 nhiéu ISI nho nhat.

% Cac bwdoc tao tin hiéu BPSK

(1) Symbol mapping: dir liéu dau vao 1a mot ludng bit {b[n]}. Chudi bit dugc
dua vao 16p vat Iy cia mot séng vo tuyén béi cac 16p cao hon.




Chudi céc bit dugc xir 1y boi khdi anh xa ky tu dé tao ra mot chudi céac ky tu
{s[n]}. V& ban chat, mdi gid tri s[n] 12 mot sd phirc c6 duogc tir mot bo cac ky tu hitu
han duogc goi la chom sao va duoc viét nhu sau C = {S05--+5 SM-2, SM-1} -

* Trong BPSK: C={+1, -1}.

* Trong QPSK: QPSK la mdt sy suy rong phac tap cia BPSK véi :
C={14j, -14j, -1-j, 1-j}. V& ban chat, QPSK sir dung BPSK cho phan
thue va BPSK cho phan d0. QPSK ciing dugc biét 1a 4-QAM.

Im
(01) " (00)
& ;LE - )
| - e

=1 &

82 x.E

s =2 »
(11) Y (10)

4-QAM

Hinh 2.4 - Biéu d6 chom sao QPSK hoic 4-QAM véi bit thwong dwoc chip
nhan dé anh xa ky tw dua vao nhin Gray



Bang 2.1 - Biéu do chom sao ky tw anh xa cho (a) BPSK va (b) QPSK

Input Bit Symbol

0 1
1 -1
(a)
Input Bit Symbol
00 1+]
10 -1+j
11 -1—]
01 1-j
(b)

Pau vao ciia chom sao 1a cac gia tri khac nhau (c6 thé 1a s phirc).
Kich thudc ctia chom sao, hoac ban $0, dugc ky hiéu |C]I=M véi M la sb
luong cac ky tu trong chom sao. Trong viée thuc hién trén thuc t& M=2°
v6i b 12 s6 luong bit trén mdi ky ty do d6 mot nhom bit ngd vao b co thé
duoc anh xa dén mot ky tu.

Trong budc Symbol mapping cac bit dugc thay thé bang cac gia tri
sd. Bit 1 duoc dai dién bang phirc hop 1+0j, bit 0 dugc dai dién bang phirc
hop -1+0j. Piéu nay do USRP yéu cau dau vao 1a gia tri phuc.

(2) Upsampling: 13 budc dau tién hudng tdi thay thé symbol bang xung. Dat L-
1 56 0 sau mdi symbol. Thoi gian 1y mau

T
T, == (2.3)
(2.4)

- A A 1A X \ 1
Hoac toc do lay mau 1a : o= L
X

(3) Pulse Shaping: Tin hi¢u da duoc léy mau duoc dua vao bd loc co dap tng

xung grx [n] 1a mot xung root-raised-cosine, sau d6 moi symbol & ngd ra



bo loc s€¢ dugc dai di¢n bdi mdt xung root-raised-cosine. Budc (1) dén 3)
chuyén d6i tir ludng bit sang tin hiéu cuyc.

(4) Modulation: Tin hiéu cuc 1a ddy xung c6 dang:(+1 4+ j0)grx [n] co thé
dugc giri truc tiép dén cac may phat USRP. Cac USRP sé& chuyén do6i dén
tin hi¢u lién tuc va thém séng mang nhu trong phuong trinh (2.2).

Cac symbol duge dinh dang xung va diéu chinh ti 1& theo /E, tao ra
tin hi¢u phtc BB:

x(t) = E, X3 s[nlgrx (t — nT) (2.5)

E, duoc sir dung dbi véi mo hinh diéu chinh thém ning luong va cong
sut t6i x(z). Nhan t6 nay s& duoc thém vao RF bang cach diéu khién 4o loi
cia bo khuéch dai cong sudt truyén. Dinh dang xung dugc cho boi ham
grx (t). Dé bao toan ning luong, ham dinh dang xung dugc chuin hoa
f_oooolg(t)l2 dt = 1. Chu ky symbol 1a T, téc d6 symbol 1a 1/T. Ki tu s[n]
nhan v6i xung gry (—nT). 1/T khong nhat thiét 13 bang théng cua x(t), nd
phu thudc vao gry (t). Toc do bit b/T (bit/s). x(t) 1a mot tin hiéu phirc vi két
qua cuaa tin hiéu khong day 1a chuyén d6i 18én tin sé song mang. Sau khi
chuyén d6i 18n, két qua cta dai thong (passband) la:

xp(t) = Re{x(t)} cos(2zmfct) — Im{x(?)} sin(2zfct) (2.6)

Chuyén d6i 1én duoc thuc hién trong phan ctng tuong tu. tin hiéu

xp(t) dugc phat tir anten va dua vao méi truong.
2.2.3 Kénh truyén AWGN

Kénh truyén giao tiép AWGN 13 mot mo hinh tét cho sy suy hao dua vao
nhidu nhiét xuat hién trong bat ky hé thong giao tiép khong day nao. Mot cach todn
hoc:

z(t) = x(1) + v(1)

Vi x(2) 1a tin hiéu dai nén phirc tap, v(t) 1a AWGN, va z(#) 14 su quan sat. Su
gia dinh rang v(z) 13 AWGN c6 nghia 12 nhidu 1a mot sy doc 1ap va tuong tu nhau
duoc phan phdi bién ngiu nhién Gaussian phtic tap. Trong sy xuat hién cua nhiéu
nhiét, bién téng lac’= No=kT,, véi k 1a hﬁng s6 Boltzman’s,

Véi k = 1.38 x 10J/K va hi¢u suat nhiét do nhiéu cua thiét bi 1a T tinh theo
don vi Kelvins. Hiéu suit nhiét do nhiéu 1a mot ham cua nhiét do méi trudng xung
quanh, cac loai anten, cling nhu 1a déc tinh vat li¢u cho thiét bi tuong tu dau cudi.



2.2.4 Qua trinh nhin
Mot mdy thu PSK bat ddu véi giai diéu ché DSB-SC. Khi tin hiéu BPSK
truyén dén lac nhan n6 c6 dang xung 1a:
r(t) = £Dgrx(t)cos(2mf t+0) 2.7)

D 14 mot hang s6 nho hon A, @ 1a gbc 1éch pha giita bo dao dong song mang
may phat va may thu. Néu bo dao dong song mang may thu thiét lap tin sd song
mang giéng nhu may phat, bo may thu USRP sé& giai diéu ché BPSK.

7[n] = i%gTX[n]ejQ) (2.8)
Téc do 1dy mAu ¢ phuong trinh (2.8) 1a 1/T,, dwoc thiét 1ap boi thong sd “IQ
rate” cia may thu, toc do nay s& cung cAp M mau trén mdi T gidy.

Pé bu pha @ chung ta binh phuong phuong trinh (2.8)
2 [n] = + Dz 5 j20 29
rein]==x 2 g TX [n]e ( . )

Budc ndy loai bo sai 1éch pha gy ra boi dit lidu, ké tiép goc 20 cb thé duoc
loai bo bang cach sir dung ham Complex to Polar (dit 1iéu = s6 = s phtc). B loc
median filter sé 1am phang cac bién trong 20 gy ra boi nhifu. ké tiép ham Unwrap
Phase s& phan tich = xir 1y tin hiéu - tinh toan dé loai bo +2m. Cudi cung chia 2
du toan mong mudn cia 15i pha @ nhu hinh:

From Fetch Rx Data

Demodulated Output

m
B
[ =
]
-

ol

Hinh 2.5 — Pong b) pha séng mang

X/

% Cac bwoce con lai dwoc thuwe hién boi may thu

(1) Matched Filtering: st dung b0 loc root-raised-cosine. Pap iing xung b0 loc

13 ggy [n] duoc két hop voi dinh dang xung gry [n] & may thu. Bo loc két
hop s& cho hiéu suét toi wu khi c6 nhiu cong, nhidu tring, nhidu Gaussian.
Hon nira hai bd loc root-raised-cosine gry [n] va gry [n] s& tranh nhiéu ISI.
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